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3.286.032 
DIGITAL MICROPHONE 
Elmer Baur, River Edze, NJ. assignor to International 
Telephone and Teleccarh Corporation, Nutley, NJ., 2 
corporation of Maryland 
Filed June 3, 1963, Ser. No. 294.954 
11 Claims, (CL 179—1) 


This invention relatcs to microphones and more par- 
ticularly to a microphone capabie of providing directly a 
dig'tal code output. 

In order to transmit sound waves, such as voice, by 
digital codes, such as PCM (pulse code modulation}, it 
is necessary to transform the voice or sound wave into a 
puls: coded signal. This is normally dore by using an 


analog tyre transducer, such as the normal microphone, | 


to translate the sound wate into an electrical output, sam- 
ple the electrical signal output at regular intervals, and 
generate a digital code bz-cd on the sample of the output 
wave. If a digital code is to Fe generated at euch sub- 
scriber's instrument, the smount of equipment necessary 
per instrument to do this becomes fairly large, 

Therefore, it is an oject of this invention to provide a 
microphone to generate dizital code output directly from 
sound waves. 

Another object of this invention is to provide a mini- 
mum of equipment at the <ubscriber’s instrument to pro- 
vide digital coded outputs directly from the sound waves. 

Stil] another object of this invention js to pravide a 
microphone tovdirectly generate a digital code ouiput 
representative of the scund wase impinging upon the 
microphone eliminating ihe double transformation fram 
sound wave to electrical analog and from electrical analog 
to digital code. 

A feature of this invention is to provide a microphone 
to convert sound waves into a given digital cade compris- 
ing first means having motion imparted thercto by the 
sound waves, sucn as a ciaphregm, the motion of the 
first means being proporiicnal to the ampliluce of the 
sound waves, and second :meuns responsive to the motion 
of the first means to produce a Cizital code output ac- 
cording to the given dizts] code representative of the 
amplitude of the scund wave, said Erst and second means 
being an integral part of the microchone. 

Another feature of this invention is the provision of a 
microphone to convert scund waves into a given digital 
code comprising a first means having motion imparted 
thereto by the sound waves, the motion of the first means 
being proportional to the amplitude of the sound waves, 
second means arranged according to said given. digital 
code,. and third means responsive to the motion of the 
first means to activate the second means to produce a 
digital code ouiput representative cf the amplitude of the 
sound waves, said first, s:cond and third means being an 
integra! part of the micrcphone. 

Other features of this invention include the following 
variations of the second 2nd third means mentioned im- 
mediately above. (1) A mirror su-pended from the dia- 
phragm to cause a light beam to scan photosensitive de- 
vices arranged in a code matrix to zenerate the digit code 
output. (2) Polarize a Ucht source and apply the po- 
larized light source to a pressure -ensitive polarizing de- 
vice, said pressure sensitive polarizing device king ac- 
tuated by the disphracin to sew1 the polarized licht across 
a code matrix of phoicxnsitre devices to generate the 
digit code output. (3) A moenet supported from the 
diaphragm to scan an elestraa beam in accordaace with 
the amplitude of the sound wav2 across... cove matrix ar- 
ranged to be responsive to the electron beam to generate 
the digital cole output. (4) A pluraliy of brushes sup- 
ported from a lever ctiached to the diaphragm to cause 
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the brushes to sean conductive elements arranged in a 
code matrix to generate the digital code ovtpet, (5) A 
capacitor plate coupled to the diaphragm with the capack 
tor plate being moved ta scan a second capacitor plate 
in the form of a cove mztrix to generate the digital code 
output (6) “lagnetic field sensitive devices arranced 
to be responsive to the intensity of the magnetic feld 
varying in response to the motion of the diaphragm to 
generate the digital code output 

/. further feature of this invention is the provision of 
a code matrix in a form other than a straight binary code, 
for instance delta madatstion, inverted binary, excess-3 
binary code, and so forzh, to provide a digital output in 
accordance with the given selected code. 

The above-mentioned and other features and objects of 
this invention will become more apparent by reference to 
the following descriptien taken in conjunction with the 
accompanying drawings, in which: 

FIG. 1 illustrates cre embodiment of the digital micro- 
phone in accordance with the principles of this invention; 

FiG. 2 is an ilustravon of one form which the code 
matrix of the various embodiments of this invention may 
assume; 

FIGS. 3 through 7 ace schematic illustrations of other 
embodiments of the @zital microphone in accordance 
with the princ:ples of this invention: and 

FIG, & is en iMustretion of still another code matrix 
cupble of heing emsiosed with the various digital micro- 
phone embodiments of FIGS. Land 3 to 9. 

Busically, all the embadimenis of the digital micro- 
phore of this invention. es will be described hereinbelow, 
include a first meuns ia the form of a diaphragm having 
motion imparied thereta by the sound waves, the imparted 
motion being sropcriicctal to the amplitude of the sound 
wares, a second meuns ztranged in a matrix according to 
a given digital code. ard a third means responsive to the 
motion of the Grst means to actuate the second means to 
produce a digital code output periodically representative 
of the an plitude of the sound waves. 

The term “diaphrag-s” as used herein is intended to 
encompass any device, such as a diaphragm of a dia- 
phrazm microphone, ritton or cone, which is caused 
to move by and in accordance with a sound wave, It 
invindes, pressure, velocity and velocity gradient cevices, 

Referring to FIG. §, there is illusirated therein dia- 
phreem 1 istercepting saund waves and having motioa 
imparied thereto proportional. to the amplitude of the 
sound.wave. A plurality of photosensitive devices are 
arranged in a code matrix 2 and a source of light 3 is 
disposed to be projected through a collimating device 4 
upon a mirror § suspended from or attached to diaphragm 
1. Mirror § will be moved in accordance with the move- 
ment of diaphracm 1. The light from source 3 and colli- 
mating device 4 having a line configuration is coupled to 
mirror § and reflected therefrom to scan matrix 2. A 
timing generator 6 wil produce periodic pulses to sample 
mitrix 2 to. produce zt these periodic samplings the digit 
ou'puts in accordance with the given disital code em- 
ployed. One way of accomplishing the sampling is to 

ave matrix 2 include a plurality of photesensitive de- 
vices arranged to be primed by the sampling pulse of 
timing generator 6 acd to rass- or gale an output to the 
@ritoutputs wken exci by the [ne team fram source 3. 

FIG. 2 illustrates a binary code matrix which could be 
employed as matrix 2 cf FIG. 1. The darkened areas 
cecmstitute the photesenttive. devices, such as phctotlec- 


tric cells, and as illustrated, the light beam in the form 
of a line beam will be caused to scan this matrix to 
generate the binary outputs for each digit of the d'gital 
code. It is to be undecsiood, however, that th's is not 
the only inatrix that can be employed. It would Fe pos- 
siole 10 employ the reGected binary code and any of the 
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3 
other known types of digital codes presently available in 
the art. The illustration of FIG. 2 is only for the pur- 
pose of an illustrative example and is not meant to limit 
the scope of this invention. 

Referring to FIG. 3, ancther embodiment of the digital 
microphone of this invention is illustrated which incor- 
porates a code m:trix 7 arranged to be responsive to an 
electron beam in the form of a line as produced by elec- 
tron cun 8. Matrix 7 may be in the form cf apertures 
through which the electron beam may pass to impince 
upon tarpet elect: es “Lich when sampled to overcome 
a bias thereon will permi: the production of the digit out- 
puis. Matrix 7 may c!so take the form of e!sments ar- 
ranged in the code matrix in accordance with the piven 
digital code to he responsive cirectly to the electron beam, 
but biased in such a manaer that an output will not be 
produced until the sampling signal is applied thereto. 
The line electron beam is cuused to sweep matrix 7 by 
utilizing magnet 9 supported from diaphragm I whose 
motion will cause ths mzgnetic field of magnet 9 to 
sweep the electron bem acrots the surface of matrix 7 
and, hence, produce the digital code output during the 
sampling periods as described hereinabove. 

Referring to FIG. 4, Uere is illusira‘ed therein still an- 
other embodiment of the digital microphone of this in- 
vention. which incorperztes thereir diuphragm LE to inter- 
cept the sound wave end having :1otion imparted thercto 
by the sound wave. This n¢tion is imparted to lever 10 
secured to diaphragm 1. Lever 10 carries thereon a plu- 
rality of brushes or contacts 1} equal in number to the 
digits of the digital cod¢ which are cavsed to sweep code 
matrix 12 in the form of conductors arranged in ac- 
cordance with the psrticulir digital code, Matrix 12 is 
sampled by the sampling signal from generator 6 and the 
position of contacts 12 on matrix 12 will determine the 
digit output for the given divital code. For instance, the 
sampling signal will be coi ied to cach canductor form- 
ing the code matrix secured to the front face of a dielec- 
tric sheet 14 and the Drushes will aci to connect the e con- 
ductors to a solid Ene conductor 13 secured 10 th. ovposite 
face of the dielectric sheet 14 for each of the cote digits, 
This will act to comrtete the circui’ between the conduc. 
tors arranged in the code configuration and the solid line 
conductors 13. Another modificution would be in the 
form of a dielectric sheet having apertures therein ar- 
ranged in the code metrix and conductors 13 behind the 
apertures of cach dézit of the given digital code. The 
sampling signal would then be applied to contacts. 11. 
When contacts 11 sense an aperture the circuit is com- 
pleted to conductors 13. Many other variations of the 
sampling of the code matrix to generate the digi: pulses 
will become immedistely apparent to those skilled in the 
art. 

Referring to FIG. 5, there is illustrated therein still an- 
other form which the digital microphone of this invention 
can assume. Again, diaphragm 1 acts to intercept the 
sound wave and having motion imparted thereto pro- 
portional to the ampiitude of the sound wave. This mo- 
tion is then imparted to movable capacitor plate 1§ which 
is caused to scan a code-matrix formed from a plurality 
of individual conductors arranged. in accorcance with the 
particular digital code. Thus, the fixed capacitor plate 
forming the code moirix 16 and the movable capacitor 
plate 15 are capactiisely coupled together and when plate 
15 is sarspied by the sampting signal from generator 6, 
approprite outprts are produced at the digit outouts in 
accordance with the amplitude of the motion and, hence, 
the amplitude of the sound wave at the time of sampling. 

FIG. 6 Hlustrates stl] ancther embodiment of the digi- 
tal microphone of this invention including a got source 
17 and a collimator 13 to produce a beam which is acted 
upon by polarizer 19 in the form of a “Polarcid” or simi- 
lar polarizer with the polarized light energy being passed 
through pressure seasilive polarizing device 20. Device 
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20 is coupled to diayhragm 1 to respond to the motion 
of diaphragm 1 throc 4 motion to pressure transducer 21. 
The action of devices 19 and 20 may be de<cribed as fol- 
lows to case the ch: beam of source 17 to illuminate 
only that part of matrix 22 which describes the instantane- 
ous amplitude of the input sound wave. This is accom 
plished by configurirs pressure sensitive polarizing device 
20, by shaping and siressing it, so that at only one line, 
perpendicular to the pried diaphragm force, is the polar- 
ization the same as thet of the polarized incident light 
from device 19. Thz position of this line varies with the 
applied stress from diaphragm 1 such that the light passing 
throuzh device 20 iiuminates only the portion of the 
photosensitive code matrix 22 which represents toe in- 
stantaneous force arrTied by diaphragm 1 and, hence, ths 
amplitude cf the sounJ wave. 

FIG. 7 illustrates sti] another embodiment of the digi- 
tal microphone of this inventon including magnetic field 
sensitive Uevices of sctid state nature of magnetic material 
arranged in accordance with a given digital code to form 
a code matrix 23. Metrix 23 may have the configuration 
illustrated in FIG. 2 where the darkened areas represent 
the magnetic materiz} or solid state magnetic field sensi- 
tive material. A msenet 24 is secured to diaphragm 1 
to move in accordance with the movement of diaphraem 
1. The movement of magnet 24 is imparied to arm 25 
of mzgnetic materia! to scan matrix 23. The magnetic 
field present in arm 28 saturates that particular portion of 
matrix 23 representing the magnitude of movement of 
diaphragm 1 and, Eense, the amplitude of the sound 
wave. Output pickup devices 26, such as coils or solid 
state device, for instance, Hall effect devices, are mage 
netically coupled to mistrix 23 and will respond to that 
saturated portion of matrix 23 to produce the digital 
cod2 output. If msznet 24 is an electromagnet and 
pulsed by the samr-3 signal, the output devices 26 may 
be coils to sense th2 presence of the magnetic field. 

In all the digital —isrophones described hereinabove it 
is possible to insert sound wave amplifiers between the 
source of sound w and diaphragm 1 to increase its 
sensitivity. Also, eiztsr in an amplifier follewing the digi- 
tal ou{put or by means of the arrangement af the code 
matrix it is possibiz to provide an amplitud:: compres- 
sion at the microphure. 

Another possible variation is in the code matrix itself 
wherein it is desired to transmit the digital ccde output 
in the form of delta modular. « rathe: then the generally 
well known binary code tyfe digital outputs. One 
method of achieving this is to employ in conjunction with 
any of the motion transducers described hereinabove @ 
matrix 27 wherein the maximum allowable amplitude 
is divided into a number of discrete levels 28 which may 
be equal or unequ2!. The microphone is arranged to 
produce an output for each of the levels in such a manner 
as to produce a postive signal as each level is reached 
in increasing amplitude and a negative output as each 
level is reached in a d2creasing amplitude. These signals 
may be used to operaie a counting device whose output 
is in the desired ceded form. As illustrated in FIG. 8, 
amplitude chang senser and counter 29 will cooperate 
with matrix 28 to proluce the positive and negative signals 
as described herein:sove. Each of levels 28 will have 
applied thereto a ferent value of voltage and the 
amplitude change serser detects whether the voltage in- 
creases or decreases 25 the microvhore scanning arrance-~ 
ment moves frum o-# tevel to another. The output of tass 
senser then actuates the counter to produce the desired 
digital code output. 

Fiber optics may ** sed to improve the performance 
or simplify the comer ction of the schemes dependeat 
on light. 

While, I have Gzserribed above the principles of my 
invention in consecczn with specific apparatus, it is ta 
bz clearly understood that this description is maje only 
by way of example acd not as a limitation to the scope 


Approved For Release 2007/09/21 : CIA-RDP81-00120R000100060049-8 


Lee he RRM RR 9 Aan RN OE ESO 8 A ME ND 


ot os ate spas staan Same: 


PN a net ae ee are ear 


eae 


ple a Nek teh a Aaa ia ome EOI! we alee ad sae 


’ 
‘ 


Approved For Release 2007/09/21 : CIA-RDP81-00120R000100060049- 8 


w< oV"»yvea 


s : 
of my invention as set forth in the objects thereof and 
in the accompanying claims. 
1 claim: 
1. A microphone to convert sound waves into a given 
digital code comprising: 
first mans integral with said microphone having motion 
imparted thereto by said sound waves, said motion 
being proporional to the amplitude of said sound 
waves; and 
second means inepral with said microphone responsive 
to said motion of said first means to produce a digital 
code output according to said given digital code repre- 
sentative of the amplirode of said sound waves. 
2. A microphone to convert sound waves into a given 
digital code comprising: 
first means intecral with said microphone having mo 
tion imparted thereta by said sound waves, said 
motion being proportional to the amplitude of said 
sound waves; 
second means integral arranged with said microphone 
arranged according to said given digital code; and 
third means integral with said microphone responsive 
to said motion of ssid first means to activate said 
second means to produce a digital code output repre- 
sentative of the amplitude of said sound waves. 
3. A microphone acco-ding to claim 2, wherein said 
first means inctudes a disphragm. 
4, A microphone according to claim 2, wherein 
Said second means includes 
photosensitive devices; and 
said third means includes 
a light beam responsive to said motion of said first 
means to activate predetermined ones of said 
devices to produce said digital code output. 
S. A microphone according to claim 4, wherein 
said third means includes 
a mirror attached to said first means to sweep 
said light beara across said devices in accord- 
ance with said motion of said first means. 
6. A microphone according to claim 4, wherein 
said third means includes 
a light polarizer to impart a given polarization to 
said light beam; and 
a pressure sensitive light polarizing device at- 
tached ‘o said first means to control the portion 
of said photosensitive devices said polarized jight 
beam illuminates in accordance with said motion 
of said first means. 
7. A microphone according to claim 2, wherein 
said second means includes 
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a target assembly including means arranged ac- 
cording to said given digital code; and 
said third means includes 
an elzctron gun projecting a line electron beam 
to said target assembly, and 
a magnetic means carried by said first means to 
sweep said beam across said assembly to activate 
predetermined ones of said target assembly 
means to produce. said digital code output. 
8. A microphone accading to claim 2, wherein 
said second means includes 
a group of ccnduciors arranged according to said 
given disital code; and 
said third means inciudes 
conductive means carried by said first means in 
juxtapesition to said group of conductors to 
produce said digital code output during Pred: 
termined sampling periods. 
9. A micrephone according to claim 8, wherein 
said conductive means includes 
a piuraiity of brushes equal in number to the 
digits of said digital code output in contact with 
said group of conductors; and 
said second means includes 
means to periodically sample said group of con- 
ductors. 
10. A microphone according to claim 8, wherein 
said conductive means includes . 
a conductive plate capacitively coupled to said 
group of conductors; and 
said third means includes 
means to periodically sample said plate. 
11. A microphone according to claim 2, wherein 
said second means includes 
Mmagneiuc field sensitive devices; and 
said third means includes 
magnetic fieid producing device coupled to said 
first means having its position varied in accord- 
ance with said motion of said first means. 
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